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NASA TECHNICAL TRANSLATION NASA TT F-15,386 

CHANGE IN RESPIRATION OF RAT LIVER MITO- 
CHONDRIA DURING PROLONGED HYPOKINESIS 

L.  N .  Grinberg 

Long term l imi t a t ion  of motor a c t i v i t y  (hypGninesis) can Cause funct ional  /387* 
disorders  [l] and d isorders  with respect  t o  the  i n t e r n a l  organs [ 2 ] .  Changes 

i n  metabolism during hypokinesis a r e  r e f l ec t ed  i n  d isorders  of the water-sal t  

equilibrium, a decrease i n  the  r a t e  of pro te in  synthes is  [3]; one observes 

dystrophic p?.enomena i n  the  s k e l e t a l  musculature as well [ 4 ] .  
t h i s ,  increased a c t i v i t y  of ce r t a in  enzymes i n  the  h e a r t  and l i v e r  t i s s u e  i s  

noted [S, 61. 

In addi t ion t o  

In the ava i lab le  l i t e r a t u r e  we did not f ind da ta  pe r t inen t  t o  the  e f f e c t  

of hypokinesis on processes occurring i n  the mitochondria. 

chondrial r e sp i r a t ion  was invest igated;  the  mitochondria involved i n  the inves t i -  

gation were i so l a t ed  from the  l i v e r s  of rats which were subjected t o  long term 

i imi ta t ion  of the  capaci ty  f o r  f r ee  movement. 

In  our study mito- 

The Method 

Sixty-eight mongrel r a t s  were used i n  the  experiment. The subject  animals 

were placed i n  individual  c e l l s  20 X S X 7 cm i n  dimensions which l imited t h e i r  

capacity f o r  movement i n  a l l  d i rec t ions .  ?he animals of  the  control  group were 

kept i n  common cages (4 t o  5 rats per  cage). 

beginning of the  experiment w a s  160-190 g. 

The ra t s '  weight a t  t h e  

The mitochondria were i s o l a t e d  using a widely used method [ 7 ] .  Absorption 

of oxygen was inves t iga ted  i n  a closed c e l l  by the a id  of a platinum e lec t rode .  

' f ie  PA-3 polarograph o r  the N-373 recorder were used f o r  recording values.  

'Ihe c h a r a c t e r i s t i c  of metabolic condi t j  ons of the  mitochondria used i n  
the  study corresponds t o  ?hat accepted i n  t h e  l i t e r a t u r e .  The condition of 

in tens ive  r e sp i r a t ion  of mitochondria accompanied by phosphorylation of ADP 

added from without is the  t h i r d  (or  ac t ive)  s t a t e  (Figure 1 ) .  When the exogenic 

~- ~ ~- ~ 

*Numbers i n  the  margin ind ica te  pagination i n  the foreign t e x t .  
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ADP i s  exhausted, consumption of oxygen by the  mitochondria spontaneously flows 

and reaches the fourth lo r  control led)  s t a t e .  Transi t ion from the  t h i r d  s t a t e  
t o  the  fourth s t a t e  r e f l e c t s  the  degree of energe t ic  regulat ion of r e sp i r a t ion  

i n  the  mitochondria which is  expressed quan t i t a t ive ly  by the  magnitude of 

resp i ra tory  (acceptor) control  af ter  Chance-Williams . 
Results and Discussion 

Measurement of the resp i ra tory  a c t i v i t y  of r a t  l i v e r  mitochondria i n  the  

ea r ly  periods of hypokinesis (10 and 20 dais )  d id  not reveal  d i f fe rences  between 

the  subject  and control  animals. 

chondria occurred under the  inf luence of hypokinesis l a s t i n g  30 days. 

Figure 1, samples of the  obtained curve and diagram represent ing the  r a t e  of 

oxygen consumption ( i n  micromoles pe r  one second) by mitochondria against  a 

background of  subs t r a t e  without ADP, af ter  adding ADP, and during t r a n s i t i o n  

t o  the  fourth s t a t e  a re  given. 

Change i n  the  rate of  r e sp i r a t ion  of mito- 

In 

Most s ign i f i can t  is the  f a c t  t h a t  with 30-day long hypokinesis (curve b ) ,  

the  weight of mitochondrial r e sp i r a t ion  i n  the  fourth s t a t e  exceeds by more 

than 3 times t h i s  value i n  the  control  (curve a) with the  use of succinate .  

Here the in t ens i ty  of oxygen absorption i n  t h e  t h i r d  (phosphorylating) s t a t e  

i s  the  same i n  both curves. 

In the case of  the NAD-dependent subs t r a t e  (a-ketoglutarate)  , r e s p i r a t i o n  

of mitochondria of the  hypok;.netic animals (curve d) is -- character ized - . by an 
increase i n  the rate of r e sp i r a t ion  i n  the fourth s ta te  and a decreased r a t e  i n  /388 
t h i r d  s ta te ,  i n  comparison with the  control  (curve c ) .  

_- 

The capacity of the  mitochondria t o  hasten the  t ranspor t  of e lec t rons  

along the  resp i ra tory  chain when ADP i s  added, and a l so  f o r  t r a n s i t i o n  t o  the  

fourth (regulated) s ta te  (see Figure 1) i s  quan t i t a t ive ly  expressed by the  

magnitude of resp i ra tory  control  a f t e r  Lardy-Wellman and af ter  Chance-Williams, 

respec t ive ly .  
i n  the  re la t ionship  between the  rate of mitochondrial r e sp i r a t ions ,  one could 

expect t h a t  t h i s  w i l l  be  r e f l ec t ed  as well i n  t h e  value o f  resp i ra tory  cont ro l .  

Actually,  s i g n i f i c a n t  f luc tua t ions  i n  the  values o f  r e sp i r a to ry  control  were 

found under the inf luence of  a multiday long period of  hypokinesis. 

Inasmuch as a 30-day long period of hypokinesis led t o  a change 
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Figure 1. 
Hypokinesis on the  Rate of Mitochondrial Respira- 
t i on .  The incubation medium containing KC1 (15 
mmol) , MgCIZ (10 mmol) , KH PO 

( 0 . 2  mmol), succinate  (10 mmol) o r  u-ketoglutarate  
(10 mmol); pH medium 7.50. Arrows show moments of 
adding mitochondric (amount of mitochnndria from 
250 mg moist t i s s u e  per  sample) and ADP (200 mkmol). 
a, Control ( subs t ra te  of  r e sp i r a t ion  - succinate)  ; 
b , hypokinesis , 30-day period (succinate) ; c ,  con- 
t r o l  (a-ketoglutarate) ;  d ,  30-day long period of 
hypokinesis (a-ketoglutarate)  . 
Note: Commas indica te  decimal po in ts .  

?he Effec t  of a 30-Day Long Period of  

(15 mmol) , saccharose 2 4  

Change i n  the  degree of i n t e n s i t y  of r e sp i r a t ion  and phosphorylation 

character ized by the  magnitude of resp i ra tory  control ,  i n  the mitochondria of 
ra t  l i v e r s  during long term hypokinesis is shown i n  Figure 2 ,  from which one 

can see  t h a t  a decrease i n  the  magnitude of resp i ra tory  control  i s  p a r t i c u l a r l y  

pronounced a t  the 30th day of hypokinesis, while by the  60th day one de tec t s  

a tendency toward an increase i n  i t s  value.  

I t  is important t o  note t h a t  the  sharpest  f luc tua t ions  were those i n  the 

value of resp i ra tory  control  a f t e r  Chance-Williams during oxidation of 

succinate  by the  mitochondria (shaded diagram i n  the  r i g h t  ha l f  of Figure 2 ) .  

In connectioa with t h i s ,  the  magnitude of resp i ra tory  control  a f t e r  
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Chance-Williams can serve  as a sens i t i ve  c r i t e r i o n  f o r  es t imat ing changes i n  

the  resp i ra tory  chain of mitochondria during hypokinesis. 

As is known, the  value of resp i ra tory  control  r e f l e c t s  t he  degree of in -  

t ens i ty  of e lec t ron  t ranspor t  along the  r e sp i r a to ry  chain of the  mitochondria 

with t h e  process of accumulation of energy i n  the  ATP molecule during t n i s  pro- 

cess. However the  energy of  b io logica l  oxidation, being locked i n  the  macro- 

e r g i c  precursors of ATP can, under ce r t a in  conditions,  f a i l  t o  convert i n t o  a 

form of phosphate bond, and can be expended on providing ac t ive  t ransport  of 

ions,  s t r u c t u r a l  changes, and a l s o  on the  reduction of NAD by means of s h i f t i n g  

a f lux  of e lec t rons  i n t o  the  resp i ra tory  chain [8 ] .  In  such a case there  i s  an 

increase  i n  the  intramitochondrial  expenditure of  energy-rich . compounds and one 

notes a diminutionof the  regulatory e f f e c t  of exogenic ADP (a decrease i n  t h e  

magnitude of resp i ra tory  control)  . 
In the  l i t e r a t u r e ,  facts of the  physiological r o l e  of processes i n  the  

mitochondria occurring a t  a low degree of i n t e n s i t y  have accumulated. it has 

been shown t h a t  e l ec t ron  t ranspor t  and energy converr on i n  such mitochondria 

lead t o  increased heat  production acd a l so  supports t he  ac t ive  t ranspor t  of 
ions ,  processes of detoxicat ion,  oxidation and l i b e r a t i o n  [9, 101. In  t h i s  case 

one can record an extremely low magnitude of resp i ra tory  cont ro l  during exposure 

t o  exogenic ADP. 

'Ihe decrease i n  the  magnitude of resp i ra tory  cont ro l  a f t e r  Chance-Williams 

which has  observed i n  our experiments with a 30-day long period of hypokinesis 

was caused predominantly by an increase i n  the  rate of mitochondrial r e sp i r a t ion  

i n  the  regulated s t a t e .  

As has been sa id ,  during hypokinesis one notes a predominance of ca tabol ic  

react ions and elimination from the  organism of s i g n i f i c a n t  amounts oC water, 

cat ions,  ni t rogen,  and o ther  metabolic products [3 ] .  One could think t h a t  t h e  

increase i n  mitochondrial oxyger. a b s n p t i o n  observed by us during hypokinesis,  

with a ce r t a in  decrease i n  the phosphorylating a c t i v i t y  of the  mitochondria is 
linked with ac t iva t ion  of processes of metabol i te  oxidat ion and an increase i n  

t h e  t ranspor t  of ions i n  t h e  cel l .  
a t t en t ion  i n  view of the  fa r t  t h a t  calcium, f o r  example, is capable of reac t ing  

The l a t te r  fact deserves p a r t i c u l a r  

/389 
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with the  macroergic precursor of ATP and thereby of decreasing the  e f fec t ive-  

ness of phosphorylation 113. 

R B In conclusion it i s  necessary 

t o  note t h a t  succinate  has t h e  

capacity t o  monopolize the  re-  

sp i r a to ry  chain and t o  provide 

an extremely high r a t e  of e lec t ron  

tr. ::sport i n  the  formation of 
energy-rich compounds 131. I t  

i s  possible  t h a t  during hypo- 

Figure 2 .  
i n  the Rat Liver Mitochondria Dependent 
Upon the  Duration of  Hypokinesis. A,  
Respiratory control  a f t e r  Lardy-Wellman; which is indicated by the 

Change i n  Respiratory Control k ines i s  the r o l e  of succinate  as 

an oxidizing subs t r a t e  increases ,  

B, r e sp i r a to ry  control  a f t e r  Chance- 
-Williams. Shaded columns , succinate;  extremely s i g n i f i c a n t  increase i n  

white columns, ketoglutarate;  1, cont ro l ,  mitochon?rial r e sp i r a t ion  i n  thc 
2, 30-day long hypokinesis; 3, 60-day 
long hypokinesis. 
Note: Commas indica te  decimal po in t s .  

fourth s t a t e  and by the  absence 

of a decrease i n  t he  rate of 

r e sp i r a t ion  i n  the t h i r d  s t a t e  under the  influence 05 hypokinesis (against  a 

background of succinate  bu t  not against  a background of a-ketoglutarate)  . 

5 



REFERENCES 1 

1. 

2. 

3. 

4. 

5. 
6. 
7. 

8 .  
9. 

10. 
- _- 

11. 

Lampusov, V .  A . ,  in the book: 

Mondovich, M . R . , in the book: 
Problemy kosnricheskoy rneditsiny [Problems o f  

Space Medicine], Moscow, 1966. 

f i z i o l o g i i ,  biokhimii i f m a k o l o g i i  [Experimental Investigrtions in 
Physiology, BiochemiFtry and Pharmacology], Perm', 3rd edition, p. 9, 
1961. 

Fedorov, I. V .  and V. N. Vinogradov, Pr. kosmicheskaya b io l . ,  No. 1, p .  53, 
1967. 

Bukayeva, 1. V., in the book: Eksperirnental'nyye issledovaniya gipokinezii,  
izrnenennoy gazovoy sredy uskoreniy, peregruzok i drugikh faktorov 
[Experimental Investigations of Hypokinesis, Altered Atmosphere, 
Accelerations, G-Forces and Other Factors], Moscow, p .  9, 1968. 

Eksperhental 'nyye i s s  Zedovaniye po  

Konishi, F., J. Nutr., Vol. 89, p. 329, 1966. 
Wa---, S., M. Miyaniski and Hiroshima, J .  med. Sei., Vol. 14, p. 71, 1965. 
Hogeboom, G., W. Scheider and G. Pallade, J .  b io t .  Chem., Vol. 172, p. 

Chance, B. (Ed.), Energy-Linked Functions of Mitochondria, New York, 1963. 
Skulachev, V. P., Sootnosheniye okisZeniya i fcsforilirouaniya z; dykhatel '- 

619, 1948. 

m y  t sep; .  [The Relationship of Oxidation and 2hosphorylation in the 
Respiratory Chain], Moscow, 1962. 

Kondrashova, M. N. and others, in the book: Mitokhondrii, S t ruk tura  i 
funk ts i i  [Mitochondria-Structure and Functions] , Moscow, p .  121, 
1966. 

BiokhiKya i morfoloqiya ,[Mitochondria-Biochemistry and Morphology] , 
Moscow, p .  5, 1967. 

Vinogradov, A. D. and Yu. V. Yevtodiyenko, in the book: Mitokhondrii, 

lTranslatorls Note: 
presented inaccurately here due to poor copy quality of the foreign text. 

The author of item 2 and the first author of item 6 are 

Translated for the National Aeronautics and Space Administration vnder Contract 
No. NASw-2485 by Techtran Corporation, P . O .  Box 729, Glen Burnie, Maryland, 
21061- translator, Samuel D. Blalock, Jr. 

6 


